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Synopsis 
 
This paper presents the results of testing to determine pavement forces from three 
heavy vehicles (HVs).  The HVs were instrumented to measure their wheel forces.  A 
“novel roughness” value of the roads during testing is also derived.  The various 
dynamic pavement forces are presented according to the range of novel roughness 
of pavement surfacings encountered during testing.  The paper then examines the 
relationship between the two derived wavelengths predominant within the HV 
suspensions; those of axle hop and body-bounce.  How these may be considered as 
contributing to spatial repetition of pavement forces from HVs is discussed.  The 
paper concludes that pavement models need to be revised since dynamic forces 
from HVs in particular are not generally considered in current pavement design. 
 
 
Keywords 
Heavy vehicle, suspension testing, pavement design, wheel load, pavement load, 
spatial repetition, spatial repeatability, pavement force, wheel force, axle hop, body 
bounce. 
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Introduction 
Three heavy vehicles (HVs) were instrumented to measure their wheel forces.  This 
instrumentation also allowed a “novel roughness” measure to be derived relative to 
each HV’s own axle characteristics.  The mean, dynamic range and peak dynamic 
pavement forces were derived from the instrumentation.  This paper presents those 
dynamic pavement forces from the test HVs according to the range of novel 
roughness of pavement surfacings encountered during testing.  The paper then 
explores the area of spatial repetition from HV suspensions; the instrumentation on 
the test HVs allowed derivation of the contribution of both axle-hop and body bounce 
to the spatial distribution of the test HVs’ wheel forces. 
 
Pavement design and ESAs – briefly 
Pavement design life is determined by, and based on, repetitive loadings arising from 
repeated passes of a theoretical heavy vehicle axle.  Conceptually, this pavement life 
design parameter is based on the number of passes of a standard axle over a 
pavement.  This measure is, in turn, based on tests conducted after the 2nd World 
War by the US military where trucks were driven repetitively over a pavement until 
the pavement became unserviceable (Cebon, 1999).  The number of passes that the 
trucks made (i.e. the number of axle repetitions) determined the design parameter for 
pavement life. 
 
The terms “equivalent standard axle” (ESA) and “standard axle repetition” (SAR) 
came into use to allow pavement life to be correlated to axle repetitions or passes at 
different axle masses.  This latter because axle loads have increased historically as a 
result of transport industry pressure for more “freight efficient” vehicles (for which 
read fewer drivers, more mass per axle and more trailers) and continued 
acquiescence of road authorities to increases in general and special HV mass limits.  
Nonetheless, the basic theory for determining pavement life as a value of vehicle 
passes has not altered significantly since the US military experiments last Century 
(Alabaster, Arnold, & Steven, 2004; Main Roads Western Australia, 2005; 
Romanoschi, Metcalf, Li, & Rasoulian, 1999).  Pavement loadings including wheel 
force frequencies higher than just the one occurrence per wheel pass have not 
figured prominently in pavement models in use today. 
 
Australia’s accelerated loading facility (ALF) and New Zealand’s Canterbury 
accelerated pavement testing indoor facility (CAPTIF) have been used to determine 
pavement life in a similar manner to the original US testing; repeated passes of a test 
wheel at a particular load over a pavement (Main Roads Western Australia, 2005; 
Moffatt, 2008).  In fairness, much work has been done using New Zealand’s 
(CAPTIF) system to correlate dynamic wheel forces with axle passes (de Pont, 1997; 
de Pont & Pidwerbesky, 1994; de Pont & Steven, 1999).  Further, a considerable 
body of work in the UK (Cebon, 1987, 1993, 2007, 1999; Cole, 1990; Cole & Cebon, 
1989, 1992, 1996; Cole, Collop, Potter, & Cebon, 1992, 1996; Collop, Cebon, & Cole, 
1996; Collop, Potter, Cebon, & Cole, 1994; Gyenes & Mitchell, 1992, 1996; Gyenes, 
Mitchell, & Phillips, 1992, 1994; Gyenes & Simmons, 1994) has reported dynamic 
wheel loadings from HVs.  Results of that work have not yet been incorporated into 
general pavement design, particularly in Australia (Main Roads Western Australia, 
2005; Moffatt, 2008). 
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Heavy vehicles, higher mass limits and “road friendly” suspensions 
Pavements in the real world do not enjoy the luxury of having a quasi-static load 
applied to them repeatedly.  Vehicles bounce as they travel.  Heavy vehicles bounce 
within a defined frequency range (Cebon, 1999; Davis & Bunker, 2008a, 2008c, 
2009; de Pont, 1997, 1999).  Heavy vehicles in Australia are allowed to carry masses 
in excess of statutory mass under various State and Federal schemes usually 
denominated “higher mass limits” or HML.  In return for up to 22.5 t on a tri-axle 
group, for example, the HV must be fitted with a “road friendly” suspension (RFS).  
The Australian test standard for “road friendly” suspensions, VSB 11, defines that the 
damped natural frequency of a HV suspension at the springs must be lower than 2.0 
Hz when tested (Australia Department of Transport and Regional Services, 2004a, 
2004b).  Queensland’s HML routes were increased by approximately 5000 km in 
2006 in return for HML vehicles using them to be fitted with suspensions certified and 
continuing to be maintained as “road friendly” (Queensland Department of Main 
Roads, 2007). 
 
The transport industry does not allocate HVs with RFS for HML duty only; HVs are 
purchased with RFS on the basis that some of their activity will be at HML and the 
rest of the time they will operate at statutory mass.  Unofficial estimates put the 
number of RFS suspension sold in Australia per year at 90% to 95% of the total1.  
Accordingly, the HV fleet in Australia is becoming more homogeneous with respect to 
its suspension characteristics. 
 
Procedure for determining dynamic wheel forces 
We wished to measure HV wheel forces on real pavements with real roughnesses at 
real speeds with real HVs.  We used a combination of accelerometers and strain 
gauges to do this.  The strain gauges were mounted on the sides of the axle of 
interest as close as possible to the hub.  They measured the vertical shear force, 
Fshear, in the axle at their point of mounting.  The strain gauges in this position could 
not detect the inertial component of wheel forces further outboard from the point 
where they were mounted.  By mounting accelerometers outboard of the strain 
gauges and as close as possible to the hub of interest, acceleration outboard of the 
strain gauges was measured.   By combining the accelerometer and strain gauge 
signals (Equation 1), dynamic wheel forces were determined for each test run.  This 
is sometimes termed the “balance of forces” technique and is illustrated graphically in 
Figure 1 (Davis & Bunker, 2007). 
 
Fwheel = Fshear + ma 
Equation 1 
Where: 
a is the acceleration experienced by the mass outboard of the strain gauge; 
m is the mass outboard of the strain gauge; and 
Fshear is the shear force on the axle at the strain gauge 
(Cebon, 1999; de Pont, 1997; LeBlanc, Woodroofe, & Papagiannakis, 1992; 
Whittemore, 1969; Woodroofe, LeBlanc, & LePiane, 1986). 
 
                                                     
1 Actual numbers are hard to obtain as commercial sensitivity and competitive forces between manufacturers 
limit reporting more accurately. 
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Figure 1.  Showing variables used to derive dynamic tyre forces from an 
instrumented HV axle (Davis & Bunker, 2007). 
The details of the instrumentation and derivation of the wheel-forces have been 
documented extensively elsewhere (Davis, 2007; Davis & Bunker, 2008b; Davis & 
Bunker, 2008c, 2009), should the reader require further information. 
 
 
Test procedure 
We measured wheel forces using real heavy vehicles.  Three heavy vehicles (HVs) 
shown from Figure 2 to Figure 4 were equipped with instrumentation as described 
above.  The HVs were a two-axle school bus (rear drive axle, steer axle), a 3-axle 
interstate coach (drive axle and tag axle at rear, steer axle) and a semi-trailer (three 
axles) towed by a prime mover.  The prime mover was not instrumented for these 
tests. 
 
Figure 2.  Prime mover (left) used to tow the test semi-trailer (right). 
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Figure 3.  3-axle coach used for testing. 
 
 
Figure 4.  2-axle school bus used for testing. 
 
 
Figure 5.  Sacks of horse feed (yellow) used to achieve test loading on the 
buses. 
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The HVs were driven over highway and suburban roads at different speeds.  The 
roads were chosen as a representative mix that would be expected to be 
encountered by normal HV operation.  This included a range of operating speeds and 
pavement roughness. 
 
The road sections were in the Brisbane area and speeds were as follows: 
Sherwood Rd, Rocklea – Westbound after the traffic signals at the Rocklea markets – 
40 km/h and 60 km/h; 
Fairfield Rd, Rocklea and Fairfield – Northbound after the Hi-Trans depot - 60 km/h; 
Fairfield Rd, Fairfield – Northbound after the roundabout at Venner Rd - 60 km/h and 
70 km/h; 
Ipswich Mwy – Westbound under the Oxley Rd/Blunder Rd overpass - 80 km/h and 
90 km/h; and 
Ipswich Mwy – N/Eastbound after the Progress Rd on-ramp - 80 km/h and 90 km/h. 
 
The test HVs were loaded as close to the maximum general access weight for the 
group under test. 
 
The dynamic signals from the accelerometers and strain gauges on each axle-end of 
the rear axle/axle group of the HVs under test were recorded for 10 s at 1 kHz.  This 
resulted in test data in the form of 1 x 104 data points over a 10 s time-series signal 
from each accelerometer and each strain gauge from each axle-end of interest on 
each test HV at the various test speeds. 
 
The same section of road was not used for each speed during these tests.  For 
reasons of logistics, safety and consideration of other road users, the general speed 
limit on each road section was used as the test speed.  Nonetheless, different roads 
with different roughnesses at different speeds have been used previously and was 
not unusual for this type of testing (Woodroofe et al., 1986).  Another consideration 
was that a variety of surface roughnesses was not available over one section of road 
within the 10 s recording window of the telemetry system.  More detailed 
explanations of testing procedure used have been documented extensively 
elsewhere (Davis, 2007; Davis & Bunker, 2008b; Davis & Bunker, 2008c, 2009), 
should the reader require further information. 
 
Results 
The following figures (Figure 6 to Figure 9) show examples of time-series signals of 
the wheel forces for the three HVs tested.  They are not exhaustive and are included 
here for illustrative purposes.  The complete set of these has been documented 
previously (Davis & Bunker, 2009). 
 
For the coach, the indicative results for its drive axle only are shown here since its 
wheel forces were higher than those at the tag axle wheels; therefore its potential for 
road damage was the greater of the two for that particular test HV. 
 
Error values for these figures has been shown previously (Davis & Bunker, 2008b; 
Davis & Bunker, 2009) to range between -1.3 % & +3.2 %. 
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Figure 6.  Time series of wheel forces, bus loaded, 80 km/h. 
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Figure 7.  Time series of wheel forces, coach loaded, 90 km/h. 
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Figure 8.  Time series of wheel forces, semi-trailer loaded, 60 km/h. 
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Figure 9.  Time series of wheel forces, semi-trailer loaded, 90 km/h. 
 
Analysis 
The peaks, standard deviations and means for each test’s wheel forces were derived 
from the time series data recorded.  Previous work has documented these 
parameters per speed of test run (Davis & Bunker, 2009).  A different approach was 
taken for the work presented herein.  The analysis proceeded on the basis of 
determining the peak, standard deviation and mean of the wheel forces for differing 
roughnesses instead of speeds. 
 
Novel roughness 
Road roughness is usually determined by an international standard measure termed 
the international roughness index (IRI).  It is found using calibrated vehicles.  The 
measure from a test run of such a vehicle is a roughness measure in mm/m or m/km.  
This is indicative of the amount of vertical movement of the calibrated vehicle relative 
to the horizontal distance travelled along the road during the test run.  The measure 
may also be visualised as an upward slope that the vehicle negotiates as it travels. 
The steepness of the slope is proportional to the roughness of the road.  This 
measure is now standardised for use around the world (Sayers, Gillespie, & Hagan, 
1987).  Early Australian efforts need to be recognised, however (Kaesehagen, 
Wilson, Scala, & Leask, 1972) as these provide a useful visual conceptualisation of 
measuring roughness.  Figure 10 shows a device developed in Australia in the early 
1970s.  Roughness was derived from the positive-going movements between the 
chassis and axle of a calibrated vehicle.  Each count was proportional to 
approximately 15mm of movement. 
 
Since an accelerometer was attached to each hub on each axle of interest during our 
testing, the time-series of that signal was available.  By performing a double 
integration of the positive-going signals of the accelerometers on a representative 
axle of the test HVs, a “novel roughness” value was able to be determined as a 
positive value of vertical movement of the axle for a give horizontal distance 
travelled.  Note that only the net positive acceleration measured at the hub, after the 
constant component of gravity was removed, was used to determine “novel 
roughness”.  Different test speeds required the velocity of the HV to be used to derive 
the horizontal distance travelled during the 10 s recording of data. 
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Figure 10.  Diagram of the NAASRA roughness meter (Kaesehagen et al., 1972). 
 
Equation 2 provides a mathematical derivation of the “novel roughness” value used 
for our analysis. 
 
“novel roughness” = 
va
n a
a


 
0 0
 
Equation 2 
Where: 
a = net acceleration measured at the accelerometer during the recording period; 
v = velocity in metres per 10 s and 
n = the number of data points recorded over 10 s. 
n.b: only the positive values of a were integrated, in line with the philosophy of the 
IRI measure that roughness is determined as a positive slope. 
 
The units in Equation 2 may be resolved: 
 
a:     metre.s-2 
a integrated twice:  metresmetre.s
2     
Equation 3 
 
Equation 3 provides the transformation of measured acceleration into the vertical 
displacement (in metres) that the hub moved during the 10 s recording period 
(vertical metres/10 s). 
 
Returning to Equation 2: 
 
v:      horizontal metres/10 s. 
 
the units of “novel roughness” from Equation 2 may then be resolved: 
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“novel roughness” units = 
metres/10shorizontal
s metres/10 vertical  = 
metreshorizontal
metres vertical  
 
Hence, by dividing the vertical movement distance over 10 s (metres/10 s) by the 
forward velocity of metres/10 s (from the km/h value) a unit of m/m was derived.  To 
make the data more understandable, a factor of 1000 was applied to render this 
“novel roughness” value into mm/m. 
 
Our “novel roughness” measure was not, nor should it be equated to, the IRI value of 
the roads used for the testing.  It was derived to provide an indicative value of the 
roughness of the road as experienced by each test HV axle at a representative hub 
accelerometer.  The tyres, axle mass and wheel mass varied with each test vehicle.  
Accordingly, the “novel roughness” value derived was unique to that test vehicle.  
Nonetheless, it provided a valuable independent variable against which to plot the 
peak, standard deviation and mean of the wheel forces measured.   
 
Novel roughness vs. wheel loads 
The peak, standard deviation and mean of the wheel force values2 are shown below 
plotted against the novel roughness values for each vehicle from Figure 11 to Figure 
25.  Again, for the coach, its drive axle was chosen as it had more wheel force than 
the tag axle and therefore was the axle with the higher potential for road damage 
when compared with the tag axle. 
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Figure 11.  Bus drive axle peak wheel forces vs. novel roughness. 
                                                     
2 n.b. these are the peaks, standard deviations and means of the wheel forces measured during the 10 s  recording 
time of each test run. 
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Mean wheel forces vs. Novel roughness - bus drive axle
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Figure 12.  Bus drive axle mean wheel forces vs. novel roughness. 
Std. dev. of wheel forces vs. Novel roughness - bus drive axle
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Figure 13.  Standard deviation of bus drive wheel forces vs. novel roughness. 
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Figure 14.  Coach drive axle peak wheel forces vs. novel roughness. 
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Mean wheel forces vs. Novel roughness - coach drive axle
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Figure 15.  Coach drive axle mean wheel forces vs. novel roughness. 
Std. dev. of wheel force vs. Novel roughness - coach drive axle
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Figure 16.  Standard deviation of coach drive axle forces vs. novel roughness. 
Peak wheel forces vs. Novel roughness - front semi-trailer axle
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Figure 17.  Semi-trailer peak wheel forces vs. novel roughness – front axle. 
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Mean wheel force vs. Novel roughness - front semi-trailer axle
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Figure 18.  Semi-trailer mean wheel forces vs. novel roughness – front axle. 
Std. dev. of wheel force vs. Novel roughness - front semi-trailer axle
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Figure 19.  Std. dev. of semi-trailer wheel forces vs. novel roughness – front 
axle. 
Peak wheel forces vs. Novel roughness - mid semi-trailer axle
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Figure 20.  Semi-trailer peak wheel forces vs. novel roughness – mid axle. 
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Mean wheel force vs. Novel roughness - mid semi-trailer axle
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Figure 21.  Semi-trailer mean wheel forces vs. novel roughness – mid axle. 
Std. dev. of wheel force vs. Novel roughness - mid semi-trailer axle
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Figure 22.  Std. dev. of semi-trailer wheel forces vs. novel roughness – mid 
axle. 
Peak wheel forces vs. Novel roughness - rear semi-trailer axle
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Figure 23.  Semi-trailer peak wheel forces vs. novel roughness – rear axle. 
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Mean wheel force vs. Novel roughness - rear semi-trailer axle
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Figure 24.  Semi-trailer mean wheel forces vs. novel roughness – rear axle. 
Std. dev. of wheel force vs. Novel roughness - rear semi-trailer axle
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Figure 25.  Std. dev. of semi-trailer wheel forces vs. novel roughness – rear 
axle. 
 
Frequency of forces at the hubs and at the wheels 
A fast Fourier transform (FFT) programme was applied to the time series data from 
the accelerometers at the hubs and the time series data of the wheel forces.  This 
allowed the dominant frequencies at the axle hub and at the wheels to be made more 
distinct as peaks on the spectra of both.  An indicative plot showing the dominant 
frequency at the axle hubs of the semi-trailer is shown in Figure 26. 
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Figure 26.  FFT of accelerometers - semi-trailer, 90km/h 
 
Indicative plots of the frequency spectrum of the wheel-forces are shown from Figure 
27 to Figure 29.  The complete series of these results is available (Davis & Bunker, 
2008c, 2009) for the dedicated reader. 
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Figure 27.  FFT of wheel forces - bus, 90km/h. 
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Figure 28.  FFT of wheel forces - coach, 80km/h. 
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Figure 29.  FFT of wheel forces - semi-trailer, 90km/h. 
 
Figure 26 shows that axle-hop of approximately 10 Hz was the dominant frequency 
at the hubs of the semi-trailer at 90 km/h.  This was expected and in line with other 
research that found that axle-hop for HVs is in the range 10 – 15 Hz (Cebon, 1999; 
de Pont, 1997).  Figure 27 to Figure 29 shows additional peaks in the range of 1 – 2 
Hz.  Noting from above that “road friendly” suspensions are required to have a 
damped natural frequency no greater than 2.0 Hz, our data indicated that the test 
HVs met this requirement (Bisitecniks, 2007; Davis, Kel, & Sack, 2007).  The twin 
peaks in the measured wheel force frequency spectra were therefore entirely 
consistent with a combination of sub-2 Hz body-bounce and approximately 10 Hz 
axle hop frequencies (Cebon, 1999; de Pont, 1997).  This showed that forces from 
body-bounce were being added to axle hop forces to make up the totality of the 
wheel forces. 
 
Suspension wavelength 
The axle-hop and body-bounce frequencies, being the inverse of the signals' periods, 
were translated back into a value of wavelength.  This was dependant on speed and 
was derived from the fundamental relationship between speed and distance as 
follows: 
 
 v = d/t  
=>  d = v.t 
Equation 4 
where: 
v = speed in metres.s-1; 
d = distance in m; and 
t = time in s, 
now: 
t = 1/f 
Equation 5 
Where f = frequency in s-1 or Hz. 
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So, from Equation 4 but substituting 1/f for t from Equation 5, the distance between 
successive peaks in the wheel forces may be derived from: 
 
d = v/f 
Equation 6 
 
Applying Equation 6 to the test data, the test HV’s suspension wavelengths were 
derived after examining the dominant axle-hop and body-bounce frequencies and 
corresponding test speeds (Davis & Bunker, 2009).  Wavelengths for only highway 
speeds are shown in Table 1 for brevity.  The full range has been documented in 
other work (Davis & Bunker, 2009). 
 
Vehicle/axle 
group 
Speed 
(km/h) 
Body-
bounce 
frequency 
(Hz) 
Axle-hop 
frequency 
(Hz) 
Suspension 
wavelength 
distance 
corresponding 
to the body-
bounce 
frequency (m) 
Suspension 
wavelength 
distance 
corresponding 
to the axle-hop 
frequency (m) 
Bus and 
coach drive 
axle 
 
80 1.0 10.0 22.2 2.22 
90 1.0 10.0 25.0 2.5 
Semi-trailer 
tri-axle 
group 
80 1.7 10.03 13.1 2.2 
90 1.7 10.0 14.7 2.5 
80 1.7 12.04 13.1 1.9 
90 1.7 12.0 14.7 2.1 
Table 1.  Predominant suspension frequencies at the test speeds and 
associated wavelength distances. 
 
Discussion 
Novel roughness vs. wheel loads 
The indicative values shown for wheel forces vs. novel roughness in Figure 11 to 
Figure 25 highlight a number of issues.  Peak wheel forces as measured in this 
series of tests were not necessarily confined to the roughest roads.  We see that a 
pothole or severe discontinuity in an otherwise “smooth” road created instantaneous 
forces at the pavement that could be approximately double those of the static or 
mean forces from that wheel.  Further, according to the definition of standard 
deviation (Snedecor & Cochran, 1967), 95% of the dynamic range of the forces on 
the pavement occurs within +/-2 standard deviations from the mean shown.  Wheel 
force dynamic range, as measured in these tests, did not necessarily relate directly to 
novel roughness, especially for the bus.  The results for high standard deviations at 
low novel roughness values for the bus may be explained then as many small 
pavement disturbances being present consistently during the test run.  Noting this as 
the exception, the standard deviations and the peak forces increased, in general, 
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with increasing novel roughness.  The mean wheel forces showed no correlation with 
increasing novel roughness.  Overall dynamic ranges of force on the pavement were 
approximately 10 – 25 % of the corresponding static or mean forces.  This result be 
conceptualised as an additional dynamic force of 10 – 25% varying around the mean 
or static force.  Especially significant is that there was no apparent relationship 
between novel roughness and mean wheel forces, indicating that mean wheel forces 
were no predictor of peak forces, nor the range of pavement forces. 
 
The roughest roads did not necessarily generate the greatest dynamic response over 
the 10 s test period and the LHS generally had the greater dynamic range (std. 
deviation) for all vehicles.  Generally the wheels on the left encountered higher 
instantaneous loads and imposed greater pavement forces than those on the right.  
For the events where the wheel forces were greater on the right, the cross-fall was 
non-standard: we were using the RHS lane of a one-way road; potholes were more 
predominant on the right, or a combination of both. 
 
We may postulate then that those wheels on the left of the vehicle will add to 
pavement distress in two ways.  First, for a standard road formation with traffic on the 
left, the cross-fall of the road will throw the centre-of-gravity over the LHS more than 
the RHS wheels; those wheels on the left will have static or mean pavement forces 
greater than those on the RHS and also have greater dynamic range.  Second, 
pavement distress areas from water more easily penetrating from the shoulder are 
more prevalent on the LHS.  Accordingly, more heavily-loaded LHS wheels will 
encounter these vulnerable pavement areas and further distress the pavement with 
their relatively increased loads. 
  
Suspension wavelength 
We see from the peak wheel forces in the FFT plots, shown Figure 27 to Figure 29, 
that the contribution that body-bounce force makes to pavement force is 
approximately equal to that of axle-hop force at highway speeds.  Accordingly, two 
sets of suspension wavelengths need to be examined as they both contribute equally 
to instantaneous pavement forces from HV wheels.  Wheel forces from body bounce 
at highway speeds will be repeated at approximately 15 - 28 m spacings5.  Axle-hop 
repetitive forces will occur at approximately 2 – 2.5 m intervals, depending on speed 
of travel.  This is termed “spatial repetition” and has been well documented (Cole & 
Cebon, 1992; Cole et al., 1996; Collop et al., 1996; Collop et al., 1994; Jacob, 1996; 
LeBlanc, 1995).  Should a particular suspension have its axle hop frequency (i.e. axle 
hop force repetition) as a multiple of its body-bounce frequency, a doubling of the 
instantaneous pavement force will occur where the two coincide at a common 
wavelength node. 
 
Conclusion 
The Australian road transport network has been opened up to increasing numbers of 
HML vehicles and lengths of road declared HML routes.  With this increase, there 
has been a concomitant number of HVs fitted with RFS.  Accordingly, the HV fleet 
has become more homogenous than in the past.  This then provides for a continuing 
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homogenisation of the HV fleet with convergent suspension characteristics, 
particularly with respect to body-bounce frequencies, namely: 
 more highly correlated wheel-forces from the heavy vehicle fleet; 
 pavement distress likely concentrated in patches distributed 
longitudinally; and 
 that concentration to predominate at intervals of approximately 15 - 30 
m for highway segments, particularly those with laden semi-trailer 
traffic. 
That spatial repetition would need to be addressed eventually had been foreseen 
(LeBlanc, 1995).  The results from our testing agree with that proposition.  There is a 
need for research into the effects of mandated uniform HV suspension characteristics 
and that is now more urgent than when first mooted by researchers such as LeBlanc 
(1995) almost 15 years ago. 
 
Wheel force maxima, mean and dynamic range for three HVs have been determined 
and documented herein.  These measures combine to show a picture of pavement 
forces in the real world.  We have seen that instantaneous values of these forces can 
be up to double those of the static force for which the pavement was designed.  
Further, pavement novel roughness provided a reasonable indicator of maximum 
wheel forces and their range.  Dynamic pavement forces created by heavy vehicles 
have been modelled for some decades.  The current pavement models that use a 
number of quasi-static passes of a HV axle at a theoretical loading to determine 
pavement life do not always account for peak dynamic forces or the variation of those 
forces around the mean.  This especially since the regulatory system and the 
pavement design process both define static (for which read “mean”) wheel forces as 
the determining factor for HV impacts.  Clearly this measure has little relevance to 
real-world dynamic pavement loads from HVs.  The quasi-static application of 
pavement loads from HV wheel forces in models for pavement design needs to be 
reviewed to incorporate the dynamic data from the research presented here and by 
others. 
 
Where the body-bounce wavelength of a HV suspension creates a maximum 
instantaneous force at a point on a pavement and the axle-hop forces are 
coincidental at that point, a potential doubling of the instantaneous wheel-forces will 
likely occur, especially at highway speeds.  Hence distress points at 25 m intervals, 
where these are coincident with distress points at 2.5 m intervals, being impacted by 
HVs with homogeneous suspensions all bouncing at or below 2 Hz will cause 
inquisitive children to marvel at the uniformity of spacing of the potholes on the 
highway – and create that ubiquitous family road-trip situation of the “difficult 
question” in the car. 
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